Background: Reactive arthritis (ReA) is a T cell mediated inflammatory process. The immune response is primarily directed against a triggering organism, although autoimmunity has been invoked in long-lasting, antibiotic-resistant disease. Although a variety of different species are known to trigger Reactive arthritis, the clinical manifestations are strikingly similar as well as closely associated to the HLA-B27 (70%). Materials and Methods: Various antigenic fractions and single antigens of Yersinia enterocolitica were prepared, and their immunological activity was assessed by proliferation of synovial fluid mononuclear cells
enterocolitica were found, one being the urease /3-subunit and the other the 50 S ribosomal protein L23. The latter has been sequenced and belongs to the evolutionarily conserved ribosomal proteins with homology to procaryotes and eucaryotes. One nonapeptide derived from the urease /3-subunit was identified as a possible epitope for HLA-B27-restricted cytotoxic T cells by its high affinity. This epitope is also highly conserved.
Conclusion: Sharing of conserved immunodominant proteins between different disease triggering microorganisms could provide an explanation of the shared clinical picture in Reactive arthritis. Moreover, autoimmunity in Reactive arthritis might be mediated by antigen mimicry between evolutionarily conserved epitopes of ribosomal proteins and their host analogs.
INTRODUCTION
Reactive arthritis (ReA) is a sterile inflammatory joint disease that follows a preceding gastrointestinal or urogenital infection. Major microorganisms known to trigger ReA are Chlamydia trachomatis and Yersinia enterocolitica (1, 2) . Although the disease as a group is etiologically dissimilar, the association with HLA-B27 is a consistent feature (3) .
This study focuses on yersinial ReA. Yersinia cannot be cultured from the site of inflammation, but bacterial products are present in synovial fluid (SF), phagocytes (4) , and in the synovium (5, 6) as judged by immunofluorescence. There is strong evidence that Yersinia-triggered ReA is mediated by T cells (7) . The immune response is directed against Yersinia antigens (8) and seems to be driven locally (9, 10) by TH2-type cells present in the synovial membrane (11) , a type of cell which might interfere with elimination of these intracellular bacteria.
The similar clinical manifestations produced by bacteria as diverse as Yersinia and Chlamydia pose the question of whether conserved immunodominant proteins may be involved. Furthermore, in chronic courses of the disease, an autoimmune response might be triggered by antigen mimicry between self and such conserved bacterial proteins (12) .
The bacterial antigens that elicit T cell response are largely unknown (13) . The present study, which aims to identify immunodominant proteins, was guided by an earlier study (14) , which identified a cationic urease 83-subunit as arthritogenic in the rat. We found two major target antigens for the cellular immune system of the 10 patients tested, one being the urease ,B-subunit and the other a novel 13 kD ribosomal protein. Sequence determination of the gene encoding the latter revealed it to be the highly conserved 50 S ribosomal protein L23, which has strong homology to genes present in other procaryotes and a weaker homology to the human homolog. Furthermore, we describe possible epitopes for HLA-B27-restricted CD8+ cytotoxic T cells (CTL) using synthetic peptides, deduced from the primary amino acid sequence of these antigens, and tested in an in vitro HLA-assembly assay. One of these urease 13-subunit epitopes-a high affinity binding peptide-is also evolutionarily conserved.
MATERIALS AND METHODS

Patients
Synovial fluid mononuclear cells (SFMC) were obtained from 10 patients; 6 presented with undifferentiated oligoarthritis (15) gg/ml of the following agents: tissue culture medium alone (background proliferation); Yersinia enterocolitica 0:3 and 0:9 (3 ,ug/ml), Chlamydia trachomatis serovar LI (5 jig/ml), Salmonella enteritidis (5 ,ug/ml); Shigella flexneri (5 ,ug/ml) and Campylobacter jejuni; Borrelia burgdorferi (5 ,ug/ ml); pokeweed mitogen (1 jig/ml, Sigma, Poole, U.K.). All bacteria were prepared as described (15, 17) . Wells were pulsed with [3H] -thymidine (7.4 kBq/well) for the last 18 hr of culture, and uptake was measured at day 6.
Chloroquine Inhibition Experiments
T cells and non-T cells were separated using adherence to a plastic petri dish. (14) and is illustrated in Fig. IA 
SDS-PAGE and Western Blot Procedure
The SDS-PAGE was essentially done as described by Laemmli (18) under reducing and nonreducing conditions, without boiling (gel concentration T = 12.6%, C = 2.7%). For molecular mass determination a standard protein mixture (range 14-94 kD; Pharmacia) was used. The gels were stained with Coomassie Blue R 250. Transfer of proteins after electophoresis was achieved by electroblotting (19) to ImmobilonTM-PVDF membranes (Millipore Corp., Bedford, MA, U.S.A.). Membrane strips were incubated overnight with patients sera diluted 1:100, followed by incubation with 1:5,000 diluted peroxidase-labeled goat antihuman IgG (Dianova, Hamburg, Germany) for 1 hr. Finally, the strips were developed with diaminobenzidine (Sigma). For amino-terminal sequencing, strips were shortly stained with amido black. . Amplification for 30 cycles was carried out under the following conditions: denaturation at 940C for 1 min, annealing at 480C for 1 min, extension at 72°C for 1 min. DNA sequencing of both strands was performed on purified PCR products using the cyclic sequencing protocol (22) . Purification of the PCR products was done from preparative agarose gel using the Millipore MC purification system. Primers for sequencing were the same as those used for PCR. The DNA sequences were handled by the Genetic Computer Group program packages (23) . Databank searches for homologous polypeptides were performed by the TFasta program (24) .
Peptide Synthesis Peptides were synthesized on a robot system developed for multiple peptide synthesis (MultiSynTech, Bochum, Germany). p-Benzyloxyben-47 zylalcohol-resin (10 mg) loaded with the first Fmoc-amino acid was filled in separate small filter tubes. Fmoc deprotection was carried out with 50% piperidine in N,N-dimethylformamide (0.2 ml) for 5 min and repeated for 15 min. Couplings were performed with Fmoc-amino acids in 10-fold excess and 1-hydroxybenzotriazole/diisopropylcarbodiimide activation in N,Ndimethylformamide within 1 hr. After coupling and Fmoc deprotection the tubes were washed with N,N-dimethylformamide (0.3 ml) seven times each. The peptides were removed from the resin, and side-chain deprotection was performed with trifluoroacetic acid (0.5 ml) containing thioanisole (25 ,ul) , thiocresol (25 ,ul) , and ethanedithiole (25 gl) within 4 hr. The filtrate was poured into cold ether. The precipitates were washed three times with ether. Amino acid analysis and ion-spray mass spectrometry proved the identity of the peptides.
In Vitro HLA-Assembly Assay The procedure was done as described elsewhere (25, 26 (27) . The precipitates were analyzed on 12% polyacrylamide gels, which were visualized by autoradiography and quantitated by densitometry (Howtek Scanmaster 3, Howtec, Inc., Hudson, NH, U.S.A.; pdi software, Huntington Station, NY, U.S.A.).
RESULTS
Identification of Relevant Antigens
Three major protein fractions could be obtained using differential centrifugation (Fig. 1A) : membrane pellet, cytoplasmatic protein fraction, and ribosomal pellet. Each fraction was then tested for its capacity to stimulate SFMC from 10 patients with Ye.-triggered arthritis. The strongest proliferation was seen in response to the ribosomal pellet. The proliferative response to the membrane and cytoplasmatic fraction showed large variation from patient to patient, ranging from moderate to high (data not shown). The ribosomal pellet was then further investigated to identify the relevant antigens.
At first the proteins were extracted by acetic acid and subsequently subjected to ion exchange chromatography after careful dialysis to neutral pH. The elution profile is given in Fig. 1B . At low salt conditions, a large "shoulder" was recorded representing proteins without affinity to the cation exchanger. These proteins were thus judged to be anionic or neutral proteins (ANP) (Fig. IC) . Under a linear increasing salt gradient, two sharp single peaks could be eluted at 0.3 M NaCl, consisting of the well known 19 kD protein, i.e., the urease ,3-subunit described in our earlier study (14, 28) and at 0.65 M NaCl, containing a 13 kD protein. We then tested the urease ,B-subunit and the 13 kD protein as well as the ANP-fraction for their ability to stimulate SFMC. The results are given in Fig. 2 . Both the urease 13-subunit and the 13 kD protein showed overall strongest proliferation, although substantial variation from patient to patient was observed. In contrast, the proliferative response to ANP-containing the majority of the ribosomal pellet proteins-was moderate or weak. The response to urease 13 and 13 kD is not due to a nonspecific proliferation of SFMC to cationic proteins, since the very basic calf thymus histone and cytochrome c were not recognized. Both Yersinia proteins do not act as superantigens or mitogens, since the proliferative response could be suppressed in the presence of chloroquine by more than 70% (data not shown). A major constituent of the cytoplasmatic protein fraction, a 12 kD protein (pl 8.0, in isoelectric focusing, data not shown), was shown to be irrelevant.
Identification of the Y.e. 13 Fig. 3A .
Database Search for Homology A homology search in the Gen-EMBL nucleotide database yielded several high scores. All of these turned out to be ribosomal proteins. Substantial homology was not only present among procaryotes (archebacteria and eubacteria), but also eucaryotic organisms including plants and rodents. Even a human homolog could be found showing an overall identity of 32% and similarity of 56% to the L23 protein (Fig. 3B) (Table 1) . They were synthesized and tested in an in vitro assembly assay; four out of these were found to exhibit significant affinity to the B27 molecule (Fig. 4) Strong homology is present between the proteins of the three enterobacteria, and substantial homology is found to the archaebacterial analog. (B) Homology between the 50 S ribosomal protein L23 of Yersinia enterocolitica and its eucaryotic analogs, i.e., rat 60 S ribosomal protein L23a and human analog. Partial sequence alignments of the deduced amino acid sequence was performed using the TFASTA (24) program and the GENEMBL database. Vertical lines indicate identical amino acids, (:) indicate conservative substitutions. An overall identity of 36% and a similarity of 56% was found.
itein were always dominant, although :al variation among patients was obMost of the proteins in the ribosomal d not bind to the strong cation exchanger not stimulate proliferation. The cytoplasaction and the membrane pellet also in-L proliferative response. This might be xplained by the fact that traces of the 3-subunit and the L23 protein were also i the cytoplasmatic fraction and memllet (data not shown). cellular response in ReA is primarily digainst the triggering pathogen (8-10), ents of which are present in inflamed 1-6,33). Immunoblotting has identified antigens ranging between 20 kD and 12 are recognized by T cells (13) . A 19 kD urease 13-subunit evokes experimental itis (14, 28) (36) .
The response to the urease (3-subunit may be of advantage to the host, since the urease seems to be important for pathogenicity. Urease activity may facilitate survival in host cells by raising the intracellular pH (37) . A related mechanism was found in mouse immunity to Listeria monocytogenes (38) , where the immune response is directed against listeriolysin as a virulence factor. However, the urease is not present in other ReAtriggering bacteria, such as urease-negative Salmonella or Shigella or Chlamydia, although it is found in Klebsiella, a candidate triggering organism in the related disease of ankylosing spondylitis (39) .
A different situation is found with the second (44, 45) , so the test we used here could help the search for CTL epitopes.
Having identified the urease a-subunit and the L23 protein as immunodominant antigens, the amino acid sequences of both proteins were screened for the binding motif of the B27 molecule. All of the nonapeptides so identified were subsequently synthesized and tested for their affinity to B27. Four peptides from the urease a-subunit were scored as positive, including one strong binder, potentially able to serve as a CD8+ T cell epitope (46, 47) . This nonapeptide has sim-ilar sequences in various proteins from other sources, including the 60 kD chaperonin 1 (GROEL homologue 1) from Mycobacterium leprae and Streptomyces albus and ribosomal proteins from Chlamydia trachomatis. Striking homology is also found with human complement C4 precursor, leukocyte antigen-related protein precursor, CD4 precursor, and P59 tyrosine kinase. The homology applies to amino acid residues accessible to the T cell receptor (30) . A minimal requirement for induction of autoimmunity via molecular mimicry has recently been established in a mouse model of autoimmune oophoritis (48) ; sharing of four amino acids within a nonapeptide including three in a row is sufficient for disease induction, a requirement that is fulfilled in the present case. Conserved epitopes are also thought to play an important role in the immune regulatory network in the so-called immunological homunculus (49), a concept that could be extended to include self-peptide antagonists (50) . Elution studies (29, 51) have indeed shown that nuclear and ribonuclear proteins together with heat shock proteins are major self-ligands of human class I molecules. We feel that these findings throw important light on possible mechanisms of autoimmunity in ReA.
The importance of conserved proteins in the pathogenesis of ReA is also underlined by the identification of a cationic 18 kD histone-like protein in Chlamydia-induced ReA (52, 53) .
